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Abstract 
Jabuticaba (Myrciaria cauliflora) is a grape-like fruit that is found extensively throughout Brazil. In spite of the very 
few studies done on its chemical constituents, some authors have reported the potential use of jabuticaba as a source 
of antioxidant compounds, which are believed to play an important role in the prevention of many oxidative and 
inflammatory diseases. Local populations enjoy jabuticaba as a favorite fruit, but the majority of these crops are 
wasted during harvesting and processing. Thus, the application of innovative technologies such as supercritical fluid 
extraction (SFE) for processing by-products is important to obtain high quality yields, which increases the value of 
the product. In addition, processing by-products currently represents an increasing niche market, which is mainly due 
to their ecological, economic and social implications. In order to evaluate their industrial applicability, it is essential 
to perform a critical analysis of the chemical composition and economic viability of the extracts obtained. The 
objective of this study is to evaluate the feasibility of antioxidant recovery by SFE with a co-solvent using varying 
conditions of pressure and temperature. SFE was carried out under two temperatures (323 and 333 K) and three 
pressures (10, 20 and 30 MPa) using ethanol as a modifier at 20% v/v, for a total of six different extraction 
conditions. The assays were performed in triplicate. The extracts were evaluated for their global yield (X0) and 
antioxidant capacity by radical scavenging activity using the DPPH method. 
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1.Introduction 
It has been suggested that diets high in fruits and vegetables are linked to a reduced incidence of heart 
disease, cancer and some neurodegenerative disorders [1-4]. Inflammation is a major factor in the 
promotion of chronic inflammatory diseases, as well as the etiology of cancers and heart disease [3,5]. 
Oxidative damage is balanced by endogenous antioxidants, but additional protection, provided by 
nutritive and non-nutritive elements from food, is critical for disease chemoprevention.  
Though considered one of the countries with the richest biodiversity in the world, Brazil has been 
inefficiently using its natural resources [6]. Indeed, plants have been of crucial importance for human 
healthcare for centuries [7]. The extracts of some plants have antioxidant, antiulcer, antimalarial, 
anticancer and anti-inflammatory activities. In particular, the antioxidant activity of plant extracts is 
mainly attributed to the presence of phenolic compounds, volatile and non-volatile compounds, such as 
flavonoids, and phenolic acids and phenolic diterpenes. By making better use of Brazil’s natural 
vegetative products through the use of extraction research and technology, it may lead to better treatment 
or even cures for many common diseases and disorders. 
Polyphenolic compounds inhibit several oxidative and inflammatory enzymes, and they have been 
shown to have antiallergenic, antiviral, antibacterial, antifungal, antitumor, and antihemorrhagic activities 
[5]. Colorful fruits are a potentially rich source of many dietary phenolic and flavonoid compounds and 
are believed to play an important role in the prevention of many oxidative and inflammatory diseases [1]. 
Many of the chemicals that comprise the characteristics of functional foods are bioactive substances 
that belong to a group of compounds from the secondary metabolism of plants. These are also called 
phytochemical compounds, and they can be defined as highly active in terms of nutritional, physiological 
and/or medicinal factors [8]. Thus, many functional activities are attributed to the extracts and their active 
ingredients, which are derived from plants and native trees. These activities, among others, include 
antioxidant, anticancer, anti-HIV, antimicrobial, antimalarial, and hypoglycemic properties [9]. 
Jabuticaba (Myrciaria cauliflora Berg.) belongs to the Myrtaceae family and is a fruit that is native to 
Brazil. It exhibits spontaneous and extensive occurrence in the country from Para to the Rio Grande do 
Sul states [10]. The fruit is a smooth, sub-globular berry that is black-purple when ripe, has a 1.6 to 2.2 
cm diameter, and contains 1 to 4 seeds. The peel is thin and very fragile, and the pulp has a white to 
translucent color and is sweet and slightly acidic [11]. 
Because of jabuticaba’s grape-like character, many products can be made from it, such as wine, juice, 
jelly, liqueur and vinegar [12]. Furthermore, Myrciaria cauliflora has been used in the treatment of 
various diseases, as its peel is featured in popular treatments of hemoptysis, asthma, diarrhea and chronic 
inflammation of the tonsils [13]. The few studies that have been done on the chemical constituents, 
especially in relation to fractions of the fruit, are presented primarily in local publications [14,15]. 
However, it has been reported that the fruit of the jabuticaba tree has high tannin [16], vitamin C [17] and 
flavonoid contents, especially in its peel [17-20], which indicates a great potential antioxidant capacity 
and thus a possible role in the prevention of many diseases related to oxidative stress. 
In Brazil, part of the production of these fruits consumed by local populations, but the majority is 
wasted during harvest because of high production per tree, the short shelf life of fresh fruit, and especially 
the lack of use of these fruits as processed products [21,22]. Thus, the need to use the waste produced 
during the manufacture of jabuticaba juices, jams, liqueurs and other products has prompted the 
application of Generally Recognized as Safe (GRAS) technology, such as supercritical fluid extraction 
(SFE). This procedure can be used to obtain bioactive compounds, and it is an important tool used in 
industry as it has broad environmental and safety appeal. 
Conventional extraction processes are based on the use of large amounts of organic solvents and the 
application of heat and/or agitation [23]. The main disadvantages are the large amounts of solvent 
required, thermal degradation, and the presence of residue of organic solvents, which is often 
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unacceptable in the food industry [24]; In contrast, the use of GRAS technology provides a safer method 
for the extraction process.  
SFE has considerable advantages compared to conventional techniques. The solvent can easily be 
removed from the mixture by pressure reduction and/or temperature adjustment. Also, there is a lower 
energy requirement compared to other methods, and the extraction is relatively fast due to the low 
viscosity, high diffusivity, and appropriate solvent power of the supercritical fluid. In addition, because 
SFE requires the use of little or no organic solvent and carbon dioxide is recirculated into the system, it is 
a safe and environmentally friendly technology. 
There are few industrial applications of SFE technology in Latin America. The main reasons for this 
are high investment and manufacturing costs due to the high pressures required for the extraction process 
[25]. Thus, with regard to industrial applications of supercritical technology, an analysis of economic 
factors should be performed. The development of SFE units on an industrial scale promotes the reduction 
of costs for equipment utilized in the process. Thus, SFE processes have become increasingly 
economically attractive, which has promoted the emergence of industrial extraction units [26]. However, 
data regarding scale-up and the estimated costs of manufacturing to obtain supercritical extracts are still 
scarce in the literature. Such information is of great importance to stimulate the shift from the laboratory 
scale to an industrial scale [27]. 
The aim of this study is to evaluate the performance of antioxidant compound recovery through the 
manufacturing process of the residue of jabuticaba jelly. The product was obtained through varying 
conditions of pressure and temperature using SFE with a co-solvent. 
2.Materials & Methods 
The residue from jabuticaba jelly production was provided by Santa Maria farm (Campinas, São Paulo, 
Brazil). The selection of raw materials was based on their social importance, availability, current demand, 
economic viability, ecological impact and potential yield of the target compounds. The aim was to 
produce a matrix rich in bioactive compounds, which would yield high value from the obtained product. 
The size reduction (grinding) was performed with a knife mill (Tecnal TE-631 model series 01071, 
Piracicaba, São Paulo, Brazil), and the sample was packed in a plastic bag and stored in a domestic freezer 
(Metalfrio, HC-4, Sao Paulo, Brazil) at -18°C. 
SFEs were carried out using a system equipped with a 415 cm3 extraction vessel (3.4×10-2 m diameter 
and 37.5×10-2 m height; internal dimensions). The column was partially filled with raw material. The 
assays were performed at two temperatures (323 and 333 K) and three pressures (10, 20, and 30 MPa) 
using ethanol as a modifier at 20% v/v, for a total of six different extraction conditions. Carbon dioxide 
(99.5% purity, Gama Gases Especiais, São Paulo, Brazil) was admitted into the system at a fixed flow rate 
fixed of 9.1×10í5 kg/s, keeping the S/F (the ratio between the mass of solvent (S) and mass of solid (F)) 
constant at 40. The global yield (X0) was calculated as the percentage (%) of mass extract (mextract) out of 
the total initial mass of raw material (mRM) loaded in the extraction cell, as shown in Equation 1: 
 
(1)
The radical scavenging activity of DPPH (2,2-diphenyl-1-picrylhydrazyl) was used to determine the 
antioxidant activity, according to the method of Kordali et al. [28]. The DPPH solution was prepared by 
dissolving DPPH radical in ethanol at a concentration of 60 μM. The standard calibration curve was 
prepared at different concentrations of DPPH: 0, 10, 20, 30, 40, 50 and 60 μM. It was then prepared in 
tubes with different dilutions of the supercritical extracts in ethanol (0.05, 0.1 and 0.2 mg/cm3). 
Subsequently, an aliquot of 0.1 cm3 of each dilution of the extract was transferred to tubes with 3.9 cm3 of 
DPPH solution and mixed in a shaker tube in the dark. The control was 0.1 cm3 of ethanol. Pure ethanol 
was used as a blank to calibrate the spectrophotometer. The readings were taken immediately at 0 and 30 
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minutes of reaction time and at a wavelength of 517 nm in a UV-vis spectrophotometer (Hitachi, model 
U-3010, Tokyo, Japan). The antioxidant activity of the extracts was calculated by scavenging ability 
(%SA) at 0.2 mg/cm3 extract concentration according to Equation 2: 
 
(2)
SuperPro Designer 6.0® was used for process simulation and economical evaluation. The main 
expenditures that compose the cost of manufacturing (COM) are similar to the ones described by Turton 
et al. [29], which are given by fixed cost of investment (FCI) and operating cost: raw materials (CRM), 
utilities (CUT), and operating labor (COL) costs. The process was designed to run 7,920 h per year, which 
corresponds to 330 days per year of continuous operation 24 h per day. For the scale-up, the procedure 
assumed that the industrial-scale unit has the same performance as the laboratory-scale unit; this study 
considered setups with extractors of 0.05 and 0.3 m3. 
3.Results & Discussion 
Figure 1 shows the global yield and antioxidant compound recovery obtained using varying operational 
conditions (temperature and pressure) by SFE of jabuticaba jelly residue. The extraction yield varied little 
with pressure. On the other hand, increasing the temperature significantly increased the global yields. 
However, both pressure and temperature conditions had great influence on the recovery of antioxidant 
compounds. Unlike for the global yield, an increase in temperature resulted in a decrease in antioxidant 
compound recovery. This is likely due to the fact that most of these antioxidant compounds, such as 
vitamin C, polyphenols and anthocyanins, are unstable and highly susceptible to thermal degradation. 
The increase in the pressure (10-30 MPa) of the system provided an increase and, subsequently, a 
decrease in the concentration of antioxidant compounds present in the supercritical extracts at both 
temperatures. This phenomenon indicates the high susceptibility of the solubility of antioxidant 
compounds to the density, moisture and vapor pressure of the system. 
Figure 2 shows the results of the manufacturing costs of global yield and antioxidant compound 
recovery using extraction cells at 0.05 and 0.3 m3 (in dollars per kilograms of product, US$/kg). The cost 
of manufacturing is much higher for the process of obtaining the antioxidant compounds than for the 
global yield of the extract. This is closely related to the percentage of antioxidant compounds in the 
extract; i.e., the higher the percentage of antioxidant compounds in the extract, the lower the 
manufacturing cost is. 
It is possible to evaluate the variation in the costs of manufacturing with the operational conditions 
such as temperature, pressure and size of the extraction cell. The manufacturing cost of the global yield 
did not vary significantly with temperature and pressure, showing only a small decrease in costs when the 
size of the extraction cell was increased from 0.05 to 0.3 m3, which is expected, as the scale-up represents 
a higher viability of the industrial process. 
The manufacturing costs of the antioxidant compounds (COM-CA) showed high variability with the 
variation in temperature, pressure and size of the extraction cell. Like COM-X0, COM-CA decreased with 
scale-up, though the decrease in this case was more pronounced. The increase in COM-CA with 
temperature was likely due to energy costs. The increase in pressure (10 to 20 MPa) corresponded with a 
decrease followed by a pronounced increase in manufacturing costs. This phenomenon is closely related 
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Fig. 1. Antioxidant activity and global yield (X0) of supercritical extracts of jabuticaba jelly residue expressed as the percentage of 
antioxidant compounds in dry extract (%) and the percentage of mass extract in raw material mass (%) 
 
 
Fig. 2. Cost of manufacturing of global yield (COM-X0) and antioxidant compounds (COM-CA) obtained by SFE using CO2 with 
ethanol 
4.Conclusion 
Evaluating the extraction and yield of antioxidant compounds, as well as the manufacturing costs for 
each condition of temperature and pressure, it was possible to form a conclusion regarding the economic 
viability of SFE technology relative to jabuticaba fruit. The extraction condition at 323 K and 20 MPa had 
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the highest yield of antioxidant compounds and the lowest cost of manufacturing (COM-CA). Thus, these 
conditions were selected as the best choices for SFE with ethanol to obtain antioxidants from jabuticaba 
jelly residue. Further studies should be performed to evaluate other variables such as co-solvent type, 
extraction time, solvent flow, and the solute/solvent ratio in order to optimize supercritical extraction to 
obtain higher yields at a lower cost. 
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